24 25 3'-Untranslated Regions (3'-UTRs) of mRNAs emerged as central regulators 26 of cellular function as they contain important but poorly-characterized cis-regulatory 27 elements targeted by a multitude of regulatory factors. The model nematode C. 28
INTRODUCTION 47
48 3'-Untranslated Regions (3'-UTRs) are the portions of mRNA located between the 49 end of the coding sequence and the poly(A) tail of RNA polymerase II-transcribed genes. 50
They contain cis-regulatory elements targeted by miRNAs and RNA binding proteins and 51 modulate mRNA stability, localization, and overall translational efficiency (Bartel 2018) . 52
Because multiple 3'-UTR isoforms of a particular mRNA can exist, differential regulation of 53 3'-UTRs has been implicated in numerous diseases, and its discriminative processing 54 influences development and metabolism (Mayr and Bartel 2009; Zhu et al. 2018 ). 3'-UTRs 55 are processed to full maturity through cleavage of the nascent mRNA and subsequent 56 poly(A) tail addition to its 3'-end by the nuclear poly(A) polymerase enzyme (PABPN1) 57 (Kuhn and Wahle 2004) . The mRNA cleavage step is a dynamic regulatory process 58 directly involved in the control of gene expression in eukaryotes. The reaction depends on 59 the presence of a series of sequence elements located within the end of the 3'-UTRs. The 60 most well-characterized sequence is the Poly(A) Signal (PAS) element, a hexameric motif 61 located at ~19 nt from the polyadenylation site in the 3'-UTR of mature mRNAs. In 62 metazoans, the PAS element is commonly 'AAUAAA', which accounts for more than half 63 of all 3'-end processing in eukaryotes (Mangone et al. 2010; Tian and Graber 2012) 64 although alternative forms of the PAS elements exist (Mangone et al. 2010; Jan et al. 65 2011; Blazie et al. 2015) . Previous studies have shown that single base substitutions in 66 this sequence reduce the effectiveness of the cleavage and the polyadenylation of the 67 mRNA transcript (Sheets et al. 1990; Chen et al. 1995) . However, this canonical sequence 68 is necessary and sufficient for efficient 3'-end polyadenylation in vitro (Clerici et al. 2018; 69 et al. 2010; Jan et al. 2011) . 137
The C. elegans 3'-UTRome was originally developed in 2011 within the 138 modENCODE Project (Mangone et al. 2008; Gerstein et al. 2010; Mangone et al. 2010) 139 and represented a milestone in 3'-UTR biology since it allowed the community to study 140 and identify important regulatory elements such as miRNA and RBP targets with great 141 precision. A second 3'-UTRome was later published using a different mapping pipeline 142 (Jan et al. 2011) , confirming most of the previous data such as isoform numbers, PAS 143 usage, etc. Other datasets were made available later, mostly focusing on tissue-specific 144 3'-UTRs and alternative polyadenylation (Haenni et al. 2012; Blazie et al. 2015; Blazie et 145 al. 2017; Chen et al. 2017; Diag et al. 2018; West et al. 2018) . 146
Although refined and based on several available datasets, only a subset of C. 147 elegans 3'-UTRs in protein-coding genes are sufficiently annotated today, and the existing 148 mapping tools do not yet reach the single-base resolution necessary to execute 149 downstream analysis and study the cleavage and polyadenylation process in detail. Most 150 of these 3'-UTR datasets were developed using a gene prediction set now considered 151 obsolete (WS190), and the 3'-UTR coordinates often do not match the new gene 152
coordinates. 153
To address these and other issues, we developed a novel pipeline to 154 bioinformatically extract 3'-UTR data from almost all C. elegans transcriptome datasets 155 stored in the public repository SRA trace archive. This blind approach produced a new 156 saturated dataset we named 3'-UTRome v2, which is available to the community as an 157 (Stein et al. 2001; Lee et al. 2018 ) and in the 3'-UTR-centric database 3'-UTRome 159 (www.UTRome.org) (Mangone et al. 2008; Mangone et al. 2010) . We have also used this 160 dataset to study the PAS sequence requirement and the cleavage location of the CPC in 161 vivo using transgenic C. elegans animals. To initially gain structural and functional information for the C. elegans CPC, we 168 downloaded the protein sequences of the orthologs of the C. elegans CPC and aligned 169 them to their human counterparts (Figure 1B and Supplemental Figure S1 ). Based on 170 sequence similarity, C. elegans possess orthologs to all the known members of the human 171 CPC, with many peaks of conservation interspersed within known interaction domains of 172 the subunits. The amino acids that make direct contact with PAS elements are also 173 conserved in C. elegans; 11 out of the 12 amino acids that form hydrogen bonds and salt 174 bridges with the PAS element (Clerici et al. 2017 ) are present in both the CPSF30 and 175 WDR33 worm orthologs CPSF-4 and PFS-2 (V67 CPSF30 with V81 CPSF-4 ; K69 CPSF30 with 176 K83 CPSF-4 ; R73 CPSF30 with R87 CPSF-4 ; E95 CPSF30 with E109 CPSF-4 ; K77 CPSF30 with K91 ; 177 S106 CPSF30 with S120 CPSF-4 ; N107 CPSF30 with N121 CPSF-4 ; R54 WDR33 with R80 PFS-2 ; R47 WDR33 178 with R71 PFS-2 ; R49 WDR33 with R73 PFS-2 ) (Figure 1B and Supplemental Figure S1 ). The 9 only exception is Y97 CPSF30 , which is substituted with a phenylalanine residue in the worm 180 ortholog. In addition, 9 out of the 10 amino acids in CPSF30 and WDR33 that form the π -π 181 stacking and hydrophobic interactions with the AAUAAA RNA element (Clerici et al. 2017) 182 are also conserved in the CPSF30 and WDR33 worm orthologs CPSF-4 and PFS-2 183 (A1:K69 CPSF30 with K83 CPSF-4 and F84 CPSF30 with F98 CPSF-4 ; A2: H70 CPSF30 with H84 CPSF-4 ; 184 U3: I156 WDR33 with I181 PFS-2 ; A4: F112 CPSF30 with F126 CPSF-4 and F98 CPSF30 with F112 CPSF-4 ; 185 A5: F98 CPSF30 with F112 CPSF-4 ; A6: F153 WDR33 with F178 PFS-2 ) ( Figure 1B and  186 Supplemental Figure S1 ). The only exception is a F43 WDR33 substitution to a glycine 187 residue that interacts with A6 in the worm ortholog. 188 CPSF73, the endonuclease that performs the cleavage reaction, has a C. elegans 189 ortholog named CPSF-3. Both genes are conserved with an overall 57.61% identity that 190 increases to 69.52% in the β -lactamase domain, which is the region required to perform 191 the cleavage reaction ( Figure 1B and Supplemental Figure S1 ). Specifically, all eight 192 amino acids shown previously to form the zinc binding site required for the cleavage 193 reaction (Mandel et al. 2006 ) are also conserved (D75 CPSF73 with D74 CPSF-3 ; H76 CPSF73 in 194 H75 CPSF-3 ; H73 CPSF73 in D72 CPSF-3 ; H396 CPSF73 with H397 CPSF-3 ; H158 CPSF73 with H159 CPSF-195 3 ; D179 CPSF73 with D180 CPSF-3 ; H418 CPSF73 with H419 CPSF-3 ; E204 CPSF73 with E205 CPSF-3 ) 196
( Figure 1B and Supplemental Figure S1 ). This overall similarity is also observed in most 197 of the other members of the bona fide C. elegans CPC complex (Supplemental Figure  198   S1 ), suggesting similar structure and function. 199
In addition, when subjected to RNAi analysis, each of the C. elegans CPC members 200 produced a similar strong embryonic lethal phenotype, suggesting that each of these 201 1 0 genes may act as a complex and is required for viability ( Figure 1C cluster preparation and mapping (see Methods). We implemented very restrictive 224 parameters for cluster identification and 3'-UTR end mapping to limit the unavoidable 225 noise produced by using such diverse datasets as data sources (Supplemental Figure  226   S3 ). Our approach led us to map 3'-UTR clusters with ultra-deep coverage of several 227 magnitudes (average cluster coverage ~220X) (Figure 2A) and to identify 23,084 3'-UTR 228 isoforms corresponding to 14,788 protein-coding genes. When compared to the previous 229 Our approach produced high-quality 3'-UTR data for 14,788 C. elegans protein-236 coding genes ( Figure 2B) . The most abundant nucleotide in C. elegans 3'-UTRs is a 237 uridine, which accounts for ~40% of all nucleotides in 3'-UTRs ( increased in occurrence when compared with past studies (32% vs 25%), while the 245 occurrence of genes with three or more 3'-UTRs is comparable with what was previously 246 found (Figure 3A Bottom Left Panel) (Mangone et al. 2010; Jan et al. 2011). 247 In the case of genes with multiple 3'-UTRs, the canonical AAUAAA PAS site is over 248 two times more abundant in longer 3'-UTR isoforms than in shorter 3'-UTR isoforms, 249
suggesting that the preparation of shorter 3'-UTR isoforms may be subject to regulation 250 (Supplemental Figure S5) . This element is ~20% more abundant than what was previously identified in past studies 259 (Mangone et al. 2010; Jan et al. 2011) , and a slight variation of this motif is also present in 260 genes with no canonical PAS elements (Supplemental Figure S6) . The PAS sequence is 261 located ~18 nt from the cleavage site ( Figure 3B Right Panel) , and a buffer region of ~12 262 nt is present between the PAS element and the cleavage site ( Figure 3C) . The cleavage 263 site occurs almost invariably at an adenosine nucleotide, which is often preceded by a 264 uridine nucleotide (Figure 3C) . A GO term analysis in genes with 1, 2 or 3 3'-UTR 265 isoforms (Supplemental Figure S7 ) revealed a few unique patterns with no major hits, 266 perhaps because APA is so widespread in C. elegans and affects almost half of its known 267 protein coding genes. 
269

An RRYRRR motif in 3'-UTRs with variant PAS elements 270
We could not detect any enrichment for the UGUA motif near the cleavage site 271 (Supplemental Figure S8 ). Perhaps this element is not used in C. elegans, or the CFIm 272 complex may recognize a variant motif not yet identified in this organism. Importantly, 273 when we aligned the 3'-ends of 3'-UTRs which contain variant PAS elements, we noticed 274 an enrichment of a 'RRYRRR' motif which in most instances resembles a canonical 275 AAUAAA motif with a guanine replacing the A4 nucleotide ( Figure 4A and Supplemental 276 Figure S6 ). This finding suggests that in C. elegans a 'RRYRRR' element could be used 277 when the AAUAAA hexamer is absent ( Figure 4A) . We have also identified other 278 conserved elements which need to be further validated (Supplemental Figure S9 ) 279
To better understand the molecular details of the interaction between CPSF and the 280 PAS element, we built an atomic homology model of the worm CPSF core complex 281 containing CPSF-1 (CPSF160), PFS-2 (Wdr33), and CPSF-4 (CPSF30) ( Figure 4B and 282 Supplemental Figure S10 ). Most of this model can be superimposed to the cryo-EM 283 structure of the human CPSF core complex ( Figure 4B and Supplemental Figure S10 ). 284
The nucleotide-binding pocket can also be fitted into our homology model, which 285 may implicate a conserved binding region in the C. elegans complex (Figure 4B Right 286 Panel). From the structural details of the human CPSF core complex, the interactions 287 between the RNA nucleotides and CPSF30 or WDR33 are not specific. The nucleotide 288 binding is mainly established by the π -π ring stacking force between the nucleotide bases 289 and the residues with aromatic side chains, such as phenylalanine and tyrosine 1 4 (Supplemental Figure S10) . Also, the buried area of the nucleotide-binding sites in our 291 model was 1138 Å, which is similar to the nucleotide-binding pocket in the human complex 292 (1261 Å). The RMSD of the two models (1.170 Å) indicates a high structural similarity. As 293 observed in the cryo-EM structure by Sun et al. (2018) , no specific interactions between 294 nucleotides and the adjacent residues were found, and the interactions between the 295 nucleotide and adjacent residues' side chains are mostly π -π ring stacking force 296 (Supplemental Figure S10) . The actual interactions between the bound nucleotides and 297 proteins will need to wait for the structure of the complex determined by crystallography or 298 cryo-EM to validate it. (Supplemental Figure S10) . Thus, at least in C. elegans, the 299 selectivity of the nucleotide binding may be only at a level to the nucleotide bases, that is, 300 pyrimidines or purines. 301 302
An enrichment of adenosine nucleotide at the cleavage site 303
We were intrigued by the almost invariable presence of adenosine nucleotides near 304 the cleavage site. This enrichment becomes more evident when we sort 3'-UTRs with 305 canonical PAS elements by the length of their respective buffer regions (Figure 5A ). In the 306 case of the largest group with a buffer region of 12-13 nt, more than 2,000 3'-UTRs 307 terminate with ~70% occurrence of adenosine nucleotides at the cleavage site preceded 308 most of the time by a uridine. Since we bioinformatically removed the poly(A) sequences 309 from the sequencing reads during our cluster preparation step, we do not have direct 310 evidence that this last adenosine nucleotide is indeed present in the mature transcripts 311 and used as a template for the polymerization of the poly(A) tail or that it is attached by 312 PABPN1 during the polymerization of the poly(A) tail. Of note, the high abundance of this 313 nucleotide at the cleavage site suggests that it is somehow important in the cleavage 314
process. 315
We decided to investigate this issue further and study how precisely the raw reads 316 produced by our cluster algorithm align to the genome. We noticed that in each gene, the 317 cleavage rarely occurs at a unique position in the transcript. Instead, there are always 318 slight fluctuations of the exact cleavage site, with a few percentages of reads ending a few 319 nucleotides upstream or downstream of the most abundant cleavage site for a given gene 320 ( Figure 5B) . Importantly, almost all the reads in each cluster terminate at an adenosine 321 nucleotide ( Figure 5B) . Also, if there are adenosine nucleotides located within shorter 322 buffer regions, the cleavage rarely occurs at these sites. Perhaps, the large size of the 323 CPC does not allow for the docking and the cleavage of the pre mRNAs near the PAS 324 element, which is optimally performed at 12-13 nt downstream of the PAS element ( Figure  325 5A and Figure 5B) . 326
Next, we decided to study the role of the terminal adenosine nucleotide in the 327 cleavage process. We reasoned that if this adenosine nucleotide indeed plays any role in 328
the cleavage process, we should be able to alter the position of the mRNA cleavage site 329 by mutating this residue with different purines or pyrimidines in the pre mRNAs of selected 330 test genes. 331
We selected three test genes; ges-1, Y106G6H.9, and M03A1.3. These genes are 332 processed with a single 3'-UTR isoform, use a single canonical PAS element, have a 333 buffer region of 12, 13 and 14 nucleotides respectively, and possess a terminal uridine and 334 adenosine nucleotide in their sequence. To capture their entire 3'-UTR region, we cloned 335 the genomic portions of these genes spanning from their translation STOP codons to ~200 336 nt downstream of their cleavage sites. We then prepared several mutant C. elegans 337 strains by replacing their terminal adenosine nucleotide at their cleavage site with other 338 nucleotides. In the case of Y106G6H.9, we also prepared a double mutant removing an 339 additional adenosine nucleotide downstream of the first one located at the cleavage site 340
( Figure 5C and Supplemental Figure S11-S13). 341
We cloned these wt and mutant 3'-UTR regions downstream of a GFP reporter 342 vector and prepared transgenic C. elegans strains that express them in the worm pharynx 343 using the myo-2 promoter. We opted to use the pharynx promoter since it is very strong 344 and produces a robust expression of our constructs (Supplemental Figure S11-S13). We 345 prepared transgenic worm strains expressing these constructs, recovered total RNAs, and 346 tested if the absence of the terminal adenosine nucleotide in our mutants affects the 347 position of the cleavage site using RT-PCR and a sequencing approach (Figure 5C and 348 Supplemental Figure S11-S13). 349
We observed an overall disruption of the cleavage process, in some case more 350 element containing the motif YRYRRR, which could still be recognized by the CPSF core 362 complex, and a buffer region of 12 nt. In one case, the Y106G6H.9 double mutant skips 363 the original cleavage site but still cut at the next purine residue, which is not an adenosine 364 in this case (Supplemental Figure S12 ). In the case of ges-1, mutating the terminal 365 adenosine does not change the cleavage pattern, although it became more imprecise 366 (Supplemental Figure S13) . 367 368
Updated miRanda prediction in C. elegans 369
Next, we used our new 3'-UTRome v2 dataset to update miRanda miRNA target 370 predictions. We downloaded and locally ran the miRanda prediction software (John et al. 371
2004) using our new 3'-UTRome v2 as a target dataset. We have produced two sets of 372 predictions: one generic, which contains the entire output produced by the software, and 373 one more restrictive, which contains only output predictions with high scores and with low 374 E-energy scores. These two tracks have been uploaded in both the 3'-UTRome database 375 To study this process in the context of miRNA targeting, we have also 378 performed a GO term analysis on the genes known to use APA that either lose or gain a 379 Supplementary Table S4 . 381 382 DISCUSSION 383
384
Here we have used a genome-wide approach to refine and study the 3'-UTRome in 385 the nematode C. elegans. We have identified 3'-UTR data for 14,788 genes corresponding 386 to 23,084 3'-UTR isoforms, improving their annotation. We now have 3'-UTR data for 73% 387 of all protein-coding genes included in the WS250 release. This dataset is not complete, 388 since we could not assign 3'-UTR data for the remaining 5,554 protein-coding genes 389 present in WS250 ( Supplemental Table S4 ). For the majority of these genes, their 3'-UTR 390 data were discarded by our highly stringent filters used during 3'-UTR cluster preparation. 391
In addition, some of these genes may be transcribed at very low abundance and their 392 mRNA is present below the sensitivity of our approach. Further experiments need to be 393 performed to identify 3'-UTR data for the remaining 5,554 protein-coding genes. 394
Transcriptome data does not always reach the resolution needed to map 3'-ends of 395 mRNAs at single base resolution, since reads containing poly(A)s close to the cleavage 396 site are generally discarded by aligners. In the case of short 3'-UTRs which overlap 397 entirely with a single sequencing read, it is possible to successfully attach a given 3'-UTR 398 cluster to the correct gene. However, since the majority of 3'-UTRs in C. elegans are 399 longer than the average length of a single read, we do not have a continuous coverage 400 from the translation STOP site to their 3'-end for most of our 3'-UTRs. To attach our 401 clusters to a given gene we rely on a common practice which bioinformatically attaches 1 9 them to the closest gene within 2,000 nt in the correct orientation (Mangone et al. 2010; 403 Jan et al. 2011). 404 Alternative polyadenylation is widespread in C. elegans, with ~42% of genes 405 possessing at least two 3'-UTR isoforms (Figure 3A) . The PAS usage is still most 406 commonly the hexamer 'AAUAAA' which is used to process ~58% of all C. elegans 3'-407
UTRs (Figure 3B) . Importantly, we found that the remaining 42% possess a variation of 408 this canonical PAS element which indeed is very similar in chemical composition and 409 contains an 'RRYRRR' motif at the same location where the PAS element is expected 410 ( Figure 4A) . We do not have direct evidence that the CPC recognizes this motif, but, since 411 it is so conserved, we hypothesize that in C. elegans it may provide a docking site in the 412 absence of the canonical AAUAAA site during the cleavage reaction. Additional elements 413 in the buffer region may play a role in this process, but unfortunately this region is very rich 414 in Uridine residues (Figure 3C accommodate other nucleotides as long as they have a similar chemical structure and can 427 recapitulate the 'RRYRRR' motif. In humans, the second most abundant PAS element is 428 'AUUAAA' (Sun et al. 2018 ), which does not follow this guideline, suggesting that perhaps 429 other factors can contribute to the cleavage of non-canonical PAS elements in other 430
species. 431
Our analysis on the cleavage site found that the cleavage and polyadenylation 432 machinery does not always cleave the same mRNA at the same position on the 3'-UTR 433 (Figure 5B) . While a predominant site is often chosen for each gene, a slight variation of a 434 few nucleotides upstream or downstream of the cleavage site is also possible. Importantly, 435 this slight variation almost invariably ends at an adenosine nucleotide in the genome, 436
suggesting that this nucleotide is somehow 'sensed' in the cleavage process. 437
Our mutagenesis results also support an important role for the terminal adenosine 438 nucleotide during the cleavage reaction (Supplemental Figures S11-S13). In those 439 experiments, the loss of this terminal adenosine nucleotide disrupts the location of the 440 cleavage in some cases, either activating cryptic cleavage sites or backtracking and using 441 a different adenosine nucleotide upstream of the canonical cleavage site (Supplemental 442 Figures S11-S13). Unfortunately, we did not mutate the upstream uridine residue, and we 443 do not know its contribution, if any, to the cleavage reaction. Although we always detected 444 its presence at the cleavage site (except in one case), more experiments need to be 445 performed to confidently assign a role in this process. 446
The concept of mRNAs terminating with an adenosine nucleotide is not novel. 447
Pioneering work using 269 vertebrate cDNA sequences has shown that ~71% of these 448 genes terminate with a CA dinucleotide element (Sheets et al. 1990 ). These experiments 449 were biochemically validated a few years later using SV40 Late Poly(A) signal in also showed that, at least for the case of this specific 3'-UTR, the cleavage could not occur 452 closer than 11 nt or further than 23 nt from the PAS element (Chen et al. 1995) . In this 453 context, these findings could explain why we do not detect a terminal adenosine at the 454 cleavage site with our double mutant Y106G6H.9, which is 27 nt downstream of the PAS 455 element (Supplemental Figure S12 ). In the case of this gene, the cleavage still occurs at 456 a purine nucleotide, which suggests that perhaps another terminal purine can compensate 457 for the absence of an adenosine nucleotide. 458
Overall, experiments in Figure 5C and Supplemental Figures S11-S13 support 459 and expand both these initial results, showing that altering the nucleotide composition 460
downstream of the PAS element may influence the location of the cleavage. 461
Unfortunately, our study does not have the resolution to definitely verify if this 462 adenosine nucleotide is indeed included in the processed mRNAs or used by the CPC as 463 a genomic mark of the cleavage site. More specifically we do not know if this nucleotide is 464 read by the RNA polymerase II and incorporated in the nascent mRNAs or if the 465 machinery somehow 'senses' its presence and cleaves the mRNA upstream of it. Another 466 plausible hypothesis is that CPSF73 may cleave the mRNAs somewhere downstream of 467 this terminal adenosine nucleotide, and then unknown exonucleases degrade the mRNA 468 molecule until the first adenosine in a row is reached. Some insights may come from the 469 process underlining histone 3'-end formation, since CPSF73 also cleaves these poly(A)-470 lacking histone mRNAs. In this specific case, the enzyme is positioned near the cut site by 471 the U7 snRNP and cuts the nascent pre-mRNA just downstream of an adenosine 472 nucleotide (Yang et al. 2009 ). We speculate that perhaps CPSF73 is capable of either 473 'sensing' this terminal adenosine nucleotide or is positioned next to it by either other 474 members of the CPC or a not yet identified factor. 475
If this terminal adenosine is indeed incorporated in the pre-mRNAs, its functional 476 requirement is unclear. It may be used by the poly(A) polymerase enzyme as a substrate 477 to extend the poly(A) tail after the cleavage reaction has been completed or perhaps has 478 an unknown regulatory function. More experiments need to be performed to answer these 479
questions. 480
While we observed a terminal adenosine nucleotide in most of the mapped 3'-481
UTRs, the cytosine nucleotide previously identified upstream of the terminal adenosine in 482 humans is replaced with another pyrimidine nucleotide in C. elegans (uridine) (Figure 3C) , 483
suggesting that other factors may contribute to the cleavage site decision by the CPC in 484 higher eukaryotes. 485
MiRanda predictions were obsolete and needed to be updated since those present 486 in the microrna.org database (www.microrna.org) were obtained using a 9-year-old 3'-UTR 487 dataset. Also, before this study WormBase (Lee et al. 2018) did not include miRNA 488 targeting predictions in its JBrowse software. 489
The number of predicted miRNA targets is now decreased from 34,186 to 23,160, 490 mostly because several 3'-UTR isoforms in the 3'-UTRome v1 were discarded in this new 491 3'-UTRome v2 release. We used these new predictions to detect several instances of 492 genes which use APA and can potentially escape miRNA targeting (Supplemental Table  493 S3). 494
In conclusion, this new 3'-UTR dataset, which we renamed 3'-UTRome v2 495
( Supplemental Table S5 ), has been uploaded to WormBase WS274 release (Lee et al. 496 modENCODE Consortium, and, together with updated miRanda predictions, provides the 499 C. elegans community with an important novel resource to investigate the RNA cleavage 500 and polyadenylation reaction, 3'-UTR biology and miRNA targeting. We have used the SRA toolkit from the NCBI to download raw reads from 1,094 506 transcriptome experiments. The complete list of datasets used in this study is shown in 507 Supplemental Table S1 . We restricted the analysis to sequences produced from C. 508 elegans transcriptomes using the Illumina platform with reads of at least 100 nt in length. 509
At the completion of the download step, the files were unzipped and stored in our servers. 510
We then used a custom-made Perl script to extract reads containing at least 23 511 consecutive adenosine nucleotides at their 3'-end or 23 consecutive thymidine nucleotides 512 at their 5'-end (Supplemental Code). This filter produced 24,973,286 mappable 3'-end 513 reads. We then removed the terminal adenosine or thymidine nucleotides from these 514 sequences, converted them to FASTQ files using the FASTX-Toolkit (CSHL), and mapped 515 them to the WS250 release of the C. elegans genome using Bowtie 2 algorithm with 516 standard parameters (Langmead and Salzberg 2012). Bowtie 2 mapped 7,761,642 reads 517 (31.08%), which were sorted and separated based on their respective strand origin 518 (positive or negative). We have uploaded to WormBase two versions of this dataset. The 519 more stringent one, which we named 'filtered', includes all these aforementioned filters and 520 has been used in all the analyses performed in this study. A second dataset, named 'mild', 521 includes 3'-UTR isoforms which overlap +/-2 nt and have cluster reads <5. The complete 522 set of 3'-UTRs composing the 3'-UTRome v2 are shown in Supplemental Table S5 . 523 524
Cluster Preparations 525
Poly(A) clusters were prepared as follow. We stored the ID, genomic coordinates, and 526 strand orientation of each mapped read and used this information throughout the pipeline. 527
The BAM file produced by the aligners was sorted and converted to BED format using 528 cluster. If the number of adenosine nucleotides was more than 65% in the genomic 535 sequence, we ignored the corresponding cluster and marked it as caused by mispriming 536 during the second strand synthesis in the RT reaction. 3) We ignored clusters overlapping 537 with other clusters in the same orientation by 2 nt or less. 4) We attached clusters to the 538 closest gene in the same orientation. If no gene could be identified within 2,000 nt, the 539 cluster was ignored. 5) In cases with multiple 3'-UTR isoforms identified, we calculated the 540 frequency of occurrence for each isoform and ignored isoforms occurring at a frequency of 541 less than 1% independently from the number of reads that form this cluster. The logo plots 542 used to visualize our results were produced using the WebLogo 3 suite (Crooks et al. The 3'-UTRs used in the experiments described in Figure 5C and Supplemental Figure  547 S11-S13 were initially cloned from N2 wild type C. elegans genomic DNA using PCR with 548
Platinum Taq Polymerase (Invitrogen). Genomic DNA template was prepared as 549 previously described (Blazie et al. 2017) . Forward DNA primers were designed to include 550 approximately 30 nucleotides upstream of the translation STOP codon and include the 551 endogenous translation STOP codon. We used the Gateway BP Clonase II Enzyme Mix 552 (Invitrogen) to clone the 3'-UTR region into Gateway entry vectors. The DNA primer was 553 modified to include the attB Gateway recombination elements required for insertion into 554 pDONR P2RP3 (Invitrogen). The reverse DNA primers were designed to end between 200 555 and 250 nucleotides downstream of the RNA cleavage site and to include the reverse 556 recombination element attB for cloning into pDONR P2RP3 (Invitrogen). At the conclusion 557 of the recombination step, the entry vectors containing the cloned 3'-UTR regions were 558 transformed into Top10 competent cells (Thermo Fisher Scientific), using agar plates 559 containing 20mg/μL of kanamycin. The plasmids were then recovered, and clones were 560 confirmed using Sanger sequencing with the M13F primer. The list of primers used in this 561 study is available in Supplemental Table S2 . We thank Heather Hrach for insights and review of the manuscript. We thank Gabrielle 572
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